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Abstract
Aim: Acute septic arthritis after arthroscopic posterior cruciate ligament (PCL) reconstruction is uncommon but  is a very critical complication. Properly 
sterilized surgical instruments are the most important step in preventing infection. After arthroscopic anterior cruciate ligament surgery, a cluster of 6 joint-
bursa infection cases was seen in our unit. The aim of this study was to determine the socio-demographic and clinical practices that may be associated with 
the development of infection in the surgical site after arthroscopic cruciate ligament surgery.
Material and Methods: This was a cross-sectional study of SSIs developing after arthroscopic anterior cruciate ligament surgery in 2018 in a University 
Hospital. Environmental and surgical equipment samples were taken. ATP bioluminescence test was performed on these samples. When a high-risk status was 
detected, surveillance cultures were performed. 
Results: A total of 15 procedures meeting the inclusion and exclusion criteria were evaluated. Six patients were considered to have infections, while 9 were 
infection-free. An examination of the surgery lists showed that 6 of the 7 patients with infection represented the first arthroscopic procedure of the day. An 
inquiry regarding personnel of the surgery room showed that a newly appointed nurse made a modification in the decontamination procedure of the surgical 
equipment. 
Discussion: Incomplete sterilization of surgical equipment and environmental contamination can lead to serious  infection.
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Introduction
Infections represent a rare complication following arthroscopic 
anterior cruciate ligament reconstruction, with a reported 
incidence between 0.15% and 0.45% [1-4].
Despite these low incidence rates, early recognition of these 
infections has considerable clinical significance, as they may 
lead to severe and irreversible consequences such as graft and 
hyaline cartilage loss as well as arthrofibrosis. Thus, prompt 
initiation of treatment is essential [5].
Although septic arthritis is generally a sporadic event following 
arthroscopic surgery, several case series and outbreaks have 
been reported [6-8].
Current orthopedic practice requires the sterilization of 
reusable devices (critical devices) with traditional methods 
and the documentation of compliance with standards with 
respect to all decontamination steps as well as cleansing and 
disinfection procedures prior to sterilization. According to the 
disinfection and sterilization guidelines in healthcare facilities, 
the main sources of surgical site infections (CAE) include 
inadequate decontamination and microorganisms that survive 
in a biofilm layer that cannot be removed from the surface of 
surgical equipment. (available at: https://stacks.cdc.gov/view/
cdc/47378)
The high percentage of compliance with manual standard 
applications for the use of reusable medical devices can help 
hospitals minimize the risk of transmitting pathogens to 
medical devices [10].
Orthopedic surgery requires a highly sterile environment to 
prevent joint infection. Ensuring that surgical instruments are 
sterilized is of great importance in preventing post-operative 
surgical infection. Although septic arthritis is relatively rare 
after anterior cruciate ligament reconstruction, orthopedic 
surgeons are likely to encounter difficult-to-treat patients. 
In this study, a clustering of infections of the articular-bursa 
following arthroscopic anterior cruciate ligament surgery in our 
unit has been assessed in light of the literature.

Material and Methods
Epidemiological Investigation
This was a cross-sectional study of SSIs developing after 
arthroscopic anterior cruciate ligament surgery between 1 
July and 31 August 2018 in a University Hospital setting. The 
study was approved by the Mersin University Clinical Research 
Ethics Committee.  Due to the retrospective nature of the study, 
informed consent was waived. Patients over 18 years of age 
and undergoing elective arthroscopic cruciate ligament surgery 
were included. Exclusion criteria were additional procedures 
other than arthroscopic surgery, history of trauma or surgery 
within the past month, prosthetic surgery within the past year, 
and age under 18 years. 
The dependent variable of the study was infection at the site 
of surgery after arthroscopic cruciate ligament surgery, while 
the independent variables were age, gender, room of surgery, 
duration of surgery, the surgeon performing the procedure, 
as well as the number of  patient’s procedure on the daily 
surgery list and the number of patient’s procedure in the daily 
arthroscopy list.
Study data were statistically analyzed in a computer 

environment. Data were summarized using descriptive 
statistics (mean, standard deviation, minimum and maximum). 
Comparison between categorical variables was performed using 
the chi-square test, while Fisher’s exact test was used when 
any of the values were below five in the table. The significance 
of the continuous and categorical variables was investigated 
with the Mann-Whitney U test. A p-value of less than 0.05 was 
considered statistically significant. 
Investigation of the outbreak
Procedures prior to and following arthroscopic surgery were 
subjected to a comprehensive examination in order to identify 
the source of infection. Surgery room, surgical sets utilized, and 
sterilization steps of the arthroscopic devices were assessed. 
Samples for microbiological cultures were obtained from all 
potential areas of contamination. ATP bioluminescence test 
was performed on the samples obtained from the surroundings 
such as trocars, shaver tips, set clamps, surgical stretchers, 
anesthesia table, computer keyboards, and mobile phones in 
addition to inside and outside of sterile instrument packages 
of the material company. When a high-risk status was detected, 
surveillance cultures were performed. Also, the medical 
personnel and their activities within the surgical environment 
have been observed with respect to potential risky behaviors.
Ethical Approval
Ethics Committee approval for the study was obtained.

Results
Epidemiological results
Patients undergoing arthroscopic cruciate ligament surgery in 
a university hospital between July and September 2018 were 
examined. A total of 15 procedures meeting the inclusion and 
exclusion criteria were evaluated. 
Thirteen cases (86.7%) were male and 2 (13.3%) were female, 
and the mean age of participants was 26.07 ± 8.51 years 
(min: 18, max:41). All patients underwent cruciate ligament 
surgery. Of these cases, 8 (53.3%) were operated in the first 
orthopedic surgery room, while 2 (13.4%) were operated in the 
second orthopedic surgery room, and others were operated in 
other surgical rooms (neurosurgery 1, cardiovascular surgery 1, 
gynecology 1, algology 2). The mean duration of surgery was 
64.93 ± 17.55 minutes (min: 40, max: 105). Two procedures 
(13.3%) were performed by Surgeon A, 11 (73.4%) by Surgeon 
B, and 2 (13.3%) by Surgeon C. Ten patients (66.7%) were first 
on the surgery list, while 2 (13.3%) were second, 2 (13.3%) were 
fifth, and one (6.7%) was seventh on the surgery list. Twelve 
(80.0%) patients underwent the first arthroscopy on that day, 
and 3 (20.0%) had the second. Table 1 shows the data for the 
two groups. 
Among patients presenting with knee pain after surgery, a 
microbiological sample was obtained from the knee joint in 
three that showed the growth of Enterobacter aerogenes in all 
three (resistant to amoxicillin clavulanic acid and ampicillin), 
Klebsiella oxytoca (resistant to amoxicillin clavulanic acid, 
cefoxitin, and ampicillin) in one, and methicillin-susceptible 
coagulase-negative staphylococcus. In the other three patients 
presenting with pain, erythrocyte sedimentation rate (ESR) was 
43 mm/hr, 41 mm/hr, and 45 mm/hr; c-reactive protein (CRP) 
was 155.8mg/dl, 129.0 mg/dl, and 65.86 mg/dl, and white blood 
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cell count (WBC) was 8.08/mm3, 14.20/mm3, and 12.22/mm3, 
respectively. ESR in two of the other nine operated patients 
was 4 mm/hr and 17 mm/hr, respectively; no post-surgery 
laboratory data were available in the remaining 7 patients. 
These subjects were contacted by phone calls and reported no 
symptoms. Thus, 6 patients were considered to have infections, 
while 9 were infection-free.
No significant association between age and infection was 
observed (z=-0.59, p=0.95), as was the case for the duration of 
surgery and infection (z=-0.932, p=0.35).
Results of the Outbreak Analysis
An examination of the surgery lists showed that 6 of the 7 
patients with infection represented the first arthroscopic 
procedure of the day. An inquiry regarding personnel of the 
surgery room showed that a newly appointed nurse made 
a modification in the decontamination procedure of the 
surgical equipment, which involved sole rinsing with water 
and prolonged exposure to external surrounding conditions. 
Also, high concentrations of disinfectants were used for the 
sterilization procedure of the arthroscopy devices. There was 
no growth in samples obtained from surgical equipment and the 
surgery room, while E. aerogenes was isolated from the tip of 
the shaver. Also, no growth occurred in samples from solutions. 
Table 2 shows the organisms isolated and sites of isolation in 
previous studies.

Discussion
Among the orthopedic procedures, hip and knee implantation 
surgeries are frequently performed and should be prospectively 
followed up with regard to surgical site infections (SSIs), as they 
represent major surgical operations. However, the requirement 
to follow the possible occurrence of SSIs prospectively is 
frequently overlooked in arthroscopic procedures due to the low 
risk of infections, leading to retrospective assessments when 
such infections are observed in a particular surgery unit.
Although septic arthritis is a rare occurrence following anterior 
cruciate ligament repair, it may lead to serious complications 
such as graft failure or arthro-fibrosis [1].
Infections after anterior cruciate ligament repair may arise 
due to a number of different causes. Reported risk factors for 
septic arthritis include previous surgery on the operated knee, 
prolonged surgery, extensive incisions, inflammation due to 
prolonged tourniquet application, foreign body effect due to 
sutures, and use of graft material [10,11].
Other potential risk factors include the use of intra-articular 
steroids [12].
Furthermore, failure to perform effective sterilization of surgical 
equipment, environmental contaminants, and noncompliance to 
surgery room requirements (open doors, excessive number and 
mobility of the personnel) facilitate the development of SSIs 
[13,14].
Arthroscopy devices are considered critical equipment and 
should be sterilized according to the recommendations of 
the manufacturer. Currently, most arthroscopy devices are 
sterilized at 134 ℃ using autoclaves. However, sterilization 
is performed after completing the essential steps of washing 
and disinfection. At this point, although ultrasonic cleansing 
devices are not used for the optical parts due to potential harm, 
they are utilized for cleaning the cannula. This step requires 
not only mechanical cleaning, but also the use of enzymatic 
solutions and disinfectants. One alternative to heat autoclaves 
is the use of low-heat ethylene oxide or hydrogen-peroxide gas 
autoclaves, although no recommendations have been provided 
by manufacturers. Another option is chemical sterilization, 
which may provide adequate sterilization with the use of high- 
level disinfectants such as glutaraldehyde or peracetic acid 
when used in the context of appropriate conditions, heat and 
duration [15].
Observations performed during the study showed that chemical 
sterilization was performed in the surgery room to avoid harm 
during the transfer and sterilization of optical devices and the 
accompanying cannula, although the surroundings were not 

Table 2. Organisms isolated and sites of isolation in previous 
studies.

Year of 
publication

No of 
cases

Causative pathogen Source of outbreak

200014 10 KNS Sterile inflow cannula

201018 13 MSSA, most frequent (7) Failure to provide effective 
sterilization

198715 3 MSSA, KNS Surgical preparation area

19997 3 CNS Cannula

20099 7 Pseudomonas Shaver, cannula

Table 1. Socio-demographic and surgical data among patients 
developing infections after arthroscopy.

Infected Normal Total χ2

n % n % N % p

Gender

M 5 38.5 8 61.5 13 100.0 0.096

F 1 50.0 1 50.0 2 100.0 1.0

Surgery room

Orthopedics 1 2 25.0 6 75.0 8 100.0

8.420Orthopedics 2 1 50.0 1 50.0 2 100.0

Gyn. and Obst. 1 100.0 0 0.0 1 100.0

CVS surg. 1 100.0 0 0.0 1 100.0

0.13Neuro-surgery 1 100.0 0 0.0 1 100.0

Algology 0 0.0 2 100.0 2 1000

Surgeon

A 2 100.0 0 0.0 2 100.0
5.770

B 4 36.4 7 63.6 11 100.0

C 0 0.0 2 100.0 2 100.0 0.06

No. of surgery

1 3 30.0 7 70.0 10 100.0
7.973

2 0 0.0 2 100.0 2 100.0

5 2 100.0 0 0.0 2 100.0
0.04

7 1 100.0 0 0.0 1 100.0

No. of arthroscopy

1 6 50.0 6 0.0 12 100.0 2.500

2 0 0.0 3 100.0 3 100.0 0.23

Total 6 9 15
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suitable for such procedures leading to certain setbacks. The 
distinction between clean and dirty areas was not clearly defined, 
no enzymatic agents were used, and an adequate sterilization 
heat was not achieved despite the use of peracetic acid. In 
fact, the failure to detect these setbacks and to implement the 
required arrangements was mainly due to inadequate training 
and knowledge on the part of the personnel. 
Investigations involving similar infections showed bacterial 
contamination in the samples obtained from preparatory 
areas. For instance, Blevins et al. reported contamination in the 
cannula and growth of MSSA [7]. In another study, pseudomonas 
was isolated from ECG probe samples [16].   
In a previous study on outbreaks after arthroscopic procedures, 
the source of the infection was the biological load remaining 
in the lumen of the arthroscopic equipment. In the article by 
Pritish K. et al., the outbreak was found to result from tissue 
remnants in the arthroscopic inflow and outflow cannula as well 
as in the tip of the shaver due to inadequate decontamination 
prior to re-use [7].
Coagulase-negative staphylococci and Staphylococcus aureus 
represent the most common causes of septic arthritis after 
arthroscopic procedures. The source of contamination is very 
difficult or impossible to detect, since these organisms are  part 
of the skin flora [1,11,16-19].
A review of the 11 publications examining the types of 
microorganisms, choice of grafting, and treatment protocols 
in septic arthritis cases after arthroscopic anterior cruciate 
ligament repair showed microbial growth in 94% of the 
subjects, 70% of which were due to Staphylococcus aureus and 
coagulase negative staphylococci [20].
However, in another outbreak report, Pritish K. et al. isolated 
Pseudomonas aeruginosa in their 7-case series [7].
The cases reported herein were also considered to represent an 
outbreak. In three of the seven patients, Enterobacter aerogenes 
was isolated in the joint fluid, while this was accompanied by 
coagulase negative staphylococci (CNS) in one case, and only 
CNS was isolated from another patient. 
Although several causative pathogens were isolated and the 
source of infection was identified in our study, certain limitations 
should be mentioned. Since patients were not followed up in the 
hospital, some cases might have been unnoticed due to failure 
to contact with phone calls or due to mild symptomatology. 
Also, joint fluid sampling could not be performed in all cases, 
and also sampling was made only after initiation of antibiotics 
in some others, leading to failure to detect microbial growth. 
Furthermore, no genotypic comparisons could be made, since 
the study was retrospective in design and collected samples 
could not be saved; thus, only phenotypic characteristics such 
as antibiotic susceptibility and microbial identity could be 
assessed. 
Limitations
The study was based on the examination of patients’ medical 
records. The inability to retrieve postoperative laboratory 
results in all patients was one of the limitations of our study. 
Also, the nurses’ surgery notes could not be evaluated as they 
could not be recorded.
Conclusion
Cleaning of medical devices is in line with standard practices, 

as it significantly reduces the bioburden on the surfaces of 
medical devices, it can be one of the most important steps for 
the reuse of medical devices and the prevention of outbreaks.
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